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Objective: to assess mortality related to rupture of abdominal aortic aneurysm (RAAA).
Design: a 4-year cross-sectional study based on a nationwide vascular registry Finnvasc and national cause-of-death
registry (Statistics Finland).
Materials and methods: a total of 454 operations for RAAA among 11 747 surgical vascular reconstructions recorded
in the Finnvasc registry and 1004 deaths due to RAAA during the same period based on Statistics Finland.
Results: the operative mortality rate was 49% based on the Finnvasc registry and 54% based on Statistics Finland.
With all RAAA deaths at hospitals included, total hospital mortality was 68%. No association existed between hospital
volume of RAAA operations and surgical mortality, although an inverse association did exist between hospital volume
of RAAA operations and all RAAA deaths in the hospital (p=0.01). The case fatality for RAAA in Finland was 80%.
Conclusions: RAAA surgical mortality calculations for RAAA, based on a vascular registry, underestimate the true
rate because some cases with fatal outcome tend to escape registration. Because surgical mortality rates may also be
skewed by patient selection, total hospital RAAA mortality thus represents the results of RAAA treatment more accurately.
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Introduction unfit for the surgery. Several recent studies suggest
that if prehospital deaths are included, the overall
The likelihood of treating an abdominal aortic an- mortality rate associated with RAAA exceeds
eurysm (AAA) patient before rupture improved after 80%.1–3,6
introduction of non-invasive methods to identify AAA, The true mortality rate associated with RAAA is
and because of the low mortality rates related to often poorly defined.7 In most studies the number
elective AAA surgery.1 Yet despite an increase in num- of RAAA patients excluded from surgery has been
bers of elective AAA repairs, considered to be quite a omitted.8 Combining vascular registry data, based on
safe procedure, the number of patients with ruptured voluntary standardised case reports by vascular sur-
abdominal aortic aneurysm (RAAA) has not been geons, with the official cause-of-death registry with
significantly reduced.1–3 Patients operated for RAAA its 100% coverage offers a source of information on
may represent only the tip of the iceberg, as most with the population-wide outcome for RAAA.
RAAA are presumed never to reach the operating Several population-based studies for mortality stat-
room.4 Once there, surgery for RAAA, despite im- istics in RAAA have been presented during the past
provements in acute medical care, is associated with two decades, but unfortunately the validity of these
a high operative mortality rate,5 with the overall mor- studies is difficult to assess because autopsy rates are
tality rate even higher because many patients die low or are not given, and in addition, population
before arrival at the hospital, or they may be found samples are small.2–4,9
The purpose of this study was to estimate mortality
from RAAA by combining data from the Finnvasc* Please address all correspondence to: I. Kantonen, Division of
Vascular Surgery, Department of Surgery, Helsinki University Cent- registry with data from the Finnish cause-of-death
ral Hospital, Box 260, SF-00029 HUCH, Finland. registry (Statistics Finland) and to assess whether mor-† The surgeons in charge of data collection for the Finnvasc Study
Group are listed in the Acknowledgements section. tality varies with differing vascular surgical practice.
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Materials and Methods were accepted as significant at a probability level of
0.05 or less.
Permission to use the nationwide data was obtainedThe Finnvasc registry catchment population comprises
from the Finnish Ministry of Social Affairs and Health.all 5.1 million inhabitants of Finland. This population
is served by 16 central hospitals and the six surgical
departments at the university hospitals of Helsinki,
ResultsKuopio, Oulu, Tampere, and Turku. Four of the largest
district hospitals also participate in the registry, but
The 30-day postoperative mortality rate for AAA basedthree private hospitals and 18 small district hospitals
on the Finnvasc registry was 5.1% after elective anddo not. In those 18 district hospitals there were no
46% after RAAA surgery. The rate for acute, non-vacancies for vascular surgeons and their catchment
ruptured AAA cases, calculated separately, was 13.5%.areas are situated within the catchment area of central
In those 18 hospitals with complete data there wereor university hospitals. Details of the Finnvasc registry
293 operations for RAAA based on the Finnvasc re-appear in previous publications.10,11
gistry. Of these patients, 143 died based on the FinnvascThe 11 747 surgical vascular reconstructions coded
registry (Table 1), but based on Statistics Finland 174in the Finnvasc registry in the years 1991–1994 in-
surgical patients died (Table 1). Thus 31 (18%) patientscluded 929 elective and 610 emergency repairs for
operated on and then deceased were missing from theAAA. The emergencies comprised 454 operations for
Finnvasc registry; mortality after RAAA surgery basedRAAA and 156 operations for acute, non-ruptured
on the data of Statistics Finland was 54% and basedAAA done in 23 of the 26 hospitals of the Finnvasc
on the Finnvasc registry was 49%. With all hospitalregistry. In the remaining three hospitals no emergency
deaths from RAAA included, total hospital mortalitysurgery for AAA was done, nor was any surgery for
was 68% for all hospitals, 68% for those hospitals withRAAA performed in 18 of the district hospitals not
complete and 69% for those hospitals with incompleteparticipating in the Finnvasc registry nor in the three
data (Table 1). The total number of deaths from RAAAprivate hospitals according to a questionnaire.
based on Statistics Finland was 1004 with the totalInformation on all 1004 patients who died of RAAA
number of survivors after aneurysm rupture 245, basedduring 1991–1994, including patient identity in-
on the Finnvasc registry. Overall case-fatality in RAAAformation and date and place of death, came from
in Finland was thus 80%.
Statistics Finland. Information on whether the patients The total number who died of RAAA was 1004
had been operated on for RAAA or not was un- during 4 years based on Statistics Finland, equalling
available. Of these 1004, 537 died at the 26 hospitals 4.9 deceased RAAA patients per 100 000 inhabitants
which report to the Finnvasc registry, 230 at smaller annually. If the 1.2 surviving RAAA patients per
hospitals or health centres, 174 at home, and 63 in 100 000/year according to the Finnvasc registry are
some other location. Of the 1004 deceased patients added, the total incidence rate was 6.1 RAAA patients
69% were autopsied. Date of death and age were used per 100 000 inhabitants/year.
to match the same patients in both registries: Statistics There was a great variation in RAAA repair activity
Finland and the Finnvasc registry, because the latter among these hospitals. In those 18 hospitals with
does not (due to patient privacy regulations) include complete data the proportion of patients operated on
personal identity information. For patients not found of all RAAA patients reaching the hospital alive was
in the Finnvasc registry, copies of the hospital record of on average 70%, range 37–88%. Based on the Finnvasc
their last visit were collected. These records furnished registry there was no difference in preoperative shock
complete data from 18 of the 23 hospitals performing in RAAA patients between low and high volume
RAAA surgery. In these 18 hospitals, 293 operations hospitals. No correlation was found between hospital
for RAAA were done based on the Finnvasc registry; volume and operative mortality in RAAA repairs (Fig.
because the total number of RAAA operations based 1). However, an inverse association existed between
on this registry was 454 during the study period, a hospital volume and total hospital RAAA mortality
64% coverage of all RAAA surgery in Finland was (p=0.01, correlation coefficient -0.476) (Fig. 2).
thus achieved.
The software package Paradox 4.0 served as the
database program for the Finnvasc registry and SPSS Discussion
for statistical analysis. The correlation between hos-
pital volume of RAAA surgical patients and mortality Studies of AAA prevalence have shown that the num-
ber of AAAs is increasing12,13 as is the number ofwas tested by linear regression analysis. Differences
Eur J Vasc Endovasc Surg Vol 17, March 1999
I. Kantonen et al.210
Table 1. Characteristics and outcomes related to RAAA in Finland during 1991–1994 based on the Finnvasc registry and Statistics
Finland.
Eighteen hospitals with Five hospitals with
All 23 hospitals complete data incomplete data
Number of patients arriving alive at hospital 773 464 309
Operations in Finnvasc 454 293 161
Operations in Statistics Finland 324
Number of postoperative deaths in Finnvasc 209 143 66
Number of postoperative deaths in Statistics Finland 174
Operative mortality in Finnvasc 46% 49% 41%
Operative mortality in Statistics Finland 54%
Number of non-operated patients in Statistics Finland 140
Number of all hospital deaths 528 314 214
Total hospital mortality* 68% 68% 69%
* Includes operated and non-operated patients.
RAAAs.1,3,9 Cause-of-death statistics obviously under-
estimate the true rate of RAAA because post-mortem
examination is not performed on all patients.9 Be-
ngtsson et al.1 found that the average annual incidence
of RAAA was 5.6 per 100 000 and calculated that, if
the frequency of RAAA were similar among cases
without autopsy, this would increase the incidence
rate from 5.6 to 6.3 per 100 000. The total incidence
rate of 6.1 RAAA patients per 100 000 inhabitants/
year found in our study is almost the same as reported
by Bengtsson et al.1 The exact autopsy rate of patients
suffering sudden death remained unknown in our
study. Death certificates in sudden and unexpected
deaths in Finland can only be issued based on prior
knowledge of a fatal disease or on autopsy. Finland has
the highest autopsy rate of all Scandinavian countries.14
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This suggests that almost all RAAA cases were in-
Fig. 1. Hospital volume of operations for RAAA and mortality in
cluded in the present analysis, and in this study theRAAA surgery. No statistical dependence found. (C) Hospital.
mortality rate based on Statistics Finland was con-
sidered the true mortality rate. But certainly some
patients with such a condition as previous coronary
artery disease who were found dead at home were
registered as cardiac death, whereas the true cause
was RAAA.
It has been estimated that 38–64% of all patients with
RAAA die outside the hospital.2,15,16 When prehospital
deaths are also counted, the total mortality rate after
rupture may exceed 80% or even 90%.1–3,6 Bengtsson
et al.1 reported for RAAA a total mortality rate of 88%.
In our study the mortality rate for all RAAA patients
was 80%. The number of surviving RAAA patients
missing from the Finnvasc registry is unknown, but
as most such RAAA patients are likely to be deceased,
the influence of this potential error is probably mar-
ginal.
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Altogether, 230 (23%) of the RAAA deaths occurred
Fig. 2. Hospital volume of operations for RAAA and total hospital in smaller hospitals or health centres. This was quite
mortality (including surgical and non-surgical patients) in RAAA a high proportion. Most probably two types of RAAApatients. Association significant (p=0.01). (C) Hospital.
(–––) Regression line. patients were included in this figure. One type was
Eur J Vasc Endovasc Surg Vol 17, March 1999
RAAA Mortality 211
moribund patients, and the other comprised patients the Finnvasc registry unfortunately, whereas Statistics
Finland contained no information on admission status.with the wrong diagnosis when hospitalised, with the
Hospitals with a low volume of RAAA operationstrue cause of death not revealed until autopsy.
more often excluded RAAA patients from surgery.Surgery for RAAA poses a formidable challenge
One explanation might be that in low-volume hospitalseven for an experienced vascular surgeon. Mortality
the admission status of RAAA patients was worse,related to RAAA surgery is high and has not sig-
except that operative results were not poorer in low-nificantly improved over the last 10 years,7 with many
volume hospitals, and based on the Finnvasc registryseries reporting operative mortality rates of 50% or
there was no difference in existence of preoperativemore. A prerequisite for an analysis based on a vas-
shock in RAAA patients between low- and high-vol-cular registry is that the data is valid. The operative
ume hospitals.mortality for our hospitals, based on the Finnvasc
In conclusion, our study showed that centres withregistry and the data of Statistics Finland (49% and
a high number of RAAA operations had better total54%) indicates that vascular registry reported rates too
results in the care of RAAA patients, a fact whichlow. All postoperative deaths are not recorded, maybe
emphasises the importance of an active approach todue to the emergency nature of RAAA surgery.17 On
RAAA surgery. Of course, moribund patients shouldoperating room tables deaths prior to any vascular
not be operated on, but our study clearly shows thatrepair were the most likely to escape registration.
in many hospitals, especially in hospitals with a lowBecause RAAA kills if untreated, surgery should be
volume of RAAA operations, RAAA patients are tooattempted in almost all patients, as their only hope
often excluded from surgery. Therefore, in assessmentfor survival.18 Some authors have suggested that an
of the true outcome of RAAA treatment the numberoperation should be abandoned in selected RAAA
of patients excluded from surgery has to be taken intopatients based on the likelihood of poor surgical out-
account.come and the lack of evidence on its cost-ef-
fectiveness.19 If patient selection is used, it probably
results in a significant reduction in the operative mor-
tality related to RAAA surgery. In our study there was
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